and found to have an alkaline pH optimum as well as to require Mn2+ for activity. CDP-Diglyceride:inositol transferase, the enzyme responsible for this reaction, is localized in the ER of animal tissues.
This step has been extensively characterized in several animal tissues (1, 2, 10, 11, 14) and found to have an alkaline pH optimum as well as to require Mn2+ for activity. CDP-Diglyceride:inositol transferase, the enzyme responsible for this reaction, is localized in the ER of animal tissues.
Sumida and Mudd (13) provided evidence that the final step in the biosynthesis of PI by cauliflower inflorescences occurs by a scheme similar to PI synthesis in animal tissue. They also partially characterized this enzyme, but apparently not in the presence of optimal substrate concentrations. In addition, they found by differential centrifugation of cauliflower cell homogenates that this reaction occurred in a mitochondrial fraction. Later work, using more highly purified organelle fractions, implicated the ER as the exclusive site of PI biosynthesis, at least in germinating castor bean endosperm (9) .
The purposes ofthis work were to examine the results of Sumida and Mudd (13) (8) . Castor bean endosperm halves were separated from the testa and cotyledon, rinsed in distilled H20, and chopped with a razor blade for 15 min in 10 ml of grinding medium containing 150 mm Tricine (pH 7.5), 1 mM MgCl2, 10 mm KCI, 3 mm EDTA (pH 7.5), 10 mm DTT, and 16% (w/w) sucrose. The homogenate was passed through Dacron cloth and centrifuged at 250g for 10 min to remove cellular debris. Five ml of the supernatant were layered directly on a sucrose gradient in a 37.5-ml centrifuge tube. The gradient was composed of a 2-ml cushion of 60% (w/w) sucrose, 20 ml of a linear sucrose solution ranging from 60%1o to 32% (w/w) sucrose, and a 10-ml layer of 20%1o (w/w) sucrose. All sucrose solutions contained 3 mm EDTA (pH 7.5).
The gradients were centrifuged at 20,000 rpm for 3.5 hr in a Beckman model L5-50 preparative ultracentrifuge equipped with a Spinco model SW 27 rotor. Fractions corresponding to the ER (8, 9) generally were collected by fractionation of the gradients into serial 0.6-ml fractions using an Isco model 640 fractionator and the A of the samples was monitored at 280 nm with an Isco UA-5 absorbance monitor. In some cases the visible ER band was collected using a syringe equipped with a 10.16-cm needle bent at the tip in a U-shape. All manipulations were performed at 4 C.
Enzyme Assays. CDP-Diglyceride:inositol transferase was assayed at 37 C for 30 min in a final volume of 0.5 ml containing 50 mm Tris-HCl (pH 8.5), 1.5 mm MnCl2, 1.0 mm CDP-dipalmitoylglyceride, 1.2 mm myo-[2-3Hlinositol (diluted with unlabeled myoinositol; the final specific radioactivity was equal to 1.79 mCi/mmol) and 0.1 ml ER enzyme (70-100,g protein). The reaction was initiated by the addition of the enzyme and terminated by the addition of 3.3 ml of chloroform-methanol-water The radioactivity of the reaction products was measured by drying the chloroform solution in a Biovial (Beckman Instrument acetic acid-water (170:25:25:6, v/v). Greater than 90o of the radioactivity corresponded to yeast PI. Protein Determination. Protein quantities were determined after the method of Lowry et al. (6) . RESULTS CDP-Diglyceride:inositol transferase activity under the standard assay conditions is linear up to 30 min after which the activity levels off sharply (Fig. 1) . This is relatively typical of other CDP-diglyceride:inositol transferases (10, 13) and probably is due to enzyme inactivation and CDP-diglyceride degradation as reported for cauliflower inflorescences (13) . Transferase activity using a mixed CDP-diglyceride in place of CDP-dipahnitoylglyceride was linear only up to 10 min. Activity also is linear up to about 0.1 mg of protein (Fig. 2) above which a reduction in activity occurs. For this reason less than 0.1 mg of protein was used in subsequent experiments. Freezing the ER fraction at -20 C, followed by thawing, stimulated the activity about 40%o.
The pH optimum was found to be about 8.5 (Fig. 3) . This is lower than the pH optimum of 9.0 reported for cauliflower inflorescence, but is approximately the same as the transferases from rat liver (14) and brain (2) tissues. Activity using 50 mm Tris-HCl (pH 8.5) was consistently higher than that using 50 mM HEPES (pH 8.5). A metal cation was an absolute requirement for CDP-diglyceride:inositol transferase activity. The optimal concentration for Mn2", the preferred cation, was at 1.5 mm MnCl2 (Fig. 4) . Mg could partially replace Mn2' at low concentrations and was equally effective at higher concentrations. Ca2+, Fe2+, and Co2+ were completely ineffective. Triton X-100 inhibited transferase activity at concentrations as low as 0.01% (w/w) (Fig. 5A) . De- oxycholate, an ionic detergent, slightly stimulated activity at concentrations ranging from 0.01% (w/w) to 0.1% (w/w) and inhibited activity at concentrations above that. Aqueous dispersals (by sonication) of PI (0.6 mm) and PE (0.8 mM) had little effect on transferase activity while PC (1.17 mM) and PS (1.35 mM) reduced activity 50 and 88%, respectively. The effect of increasing CDP-dipalmitoylglyceride concentration on the transferase enzyme is shown in Figure 6 . A small amount of myo-inositol incorporation does occur in the absence of CDP-diglyceride, indicating either the presence of some endogenous CDP-diglycerides in the ER fractions or that there is a PI:inositol exchange enzyme present in castor bean endosperm (12) . At concentrations greater than 1.2 mm, substrate inhibition becomes obvious. This inhibition makes it difficult to calculate the Km for this substrate. An estimate of 1.35 mm can be obtained, a figure which probably is high. The concentration of myo-inositol becomes saturating at about 1.2 mm and activity decreases slightly with higher concentrations (Fig. 7 ). An apparent Km of 0.30 mm can be estimated.
DISCUSSION
The generalhcharacteristics of CDP-diglyceride:inositol transferase from castor bean endosperm are relatively the same as those from other tissues (1, 2, 10, 11, 13 (14) , guinea pig brain (2), and chicken liver (10), respectively. The effects of Triton X-100, deoxycholate and various phospholipids on activity probably are due to an alteration of the lipidprotein environment of the transferase enzyme, although the exact changes and their manifestations are relatively unknown. The inhibition by Triton X-100 in this tissue is contrary to its effect in spinach tissue as preliminarily reported by Marshall and Kates (5) . This may represent a major difference between the respective membranes of the two tissues or reflect different experimental conditions used on the two tissues. The transferases from guinea pig brain (2) and rat liver (14) are stimulated slightly by both Triton X-100 and deoxycholate.
An alternative pathway for the incorporation of myo-inositol into PI has been described in animal tissues (4, 10, 15) . This reaction seems to represent the enzymic exchange of free myoinositol for the inositol moiety of PI. It requires Mn2+ but not CDP-diglyceride. It has been postulated that the enzyme in rat liver reacts with PI which has different acyl components than those predominantly present in PI of that tissue (4), but the reason for this remains obscure. Work in other laboratories has shown that the two reactions for PI synthesis are catalyzed by separate enzymes (14, 15) . The exchange reaction has not been described in plant tissue, but the incorporation of inositol into PI in the absence of CDP-diglyceride and some other recent data in our laboratory (12) support the existence of this pathway in castor bean endosperm. We are presently characterizing this exchange activity in an attempt to assess its role in plant tissues.
